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Abstract
Background: One of the concerns of the anesthetists in performing surgical procedures is hemodynamic changes after laryn-
goscopy and tracheal tube intubation. In these cases, stress response with the release of catecholamines leads to increased blood
pressure and heart rate in patients who are prone to cardiovascular disease and cerebral events, leading to the life-threatening risks.
Objectives: Endotracheal Intubation (ETT) is one of the most stress response techniques for airway management. Here, we compare
the effects of tree devices including ETT, laryngeal mask airway (LMA) classic, and I-gel with each other.
Methods: The present study investigated the hemodynamic changes in patients undergoing elective cataract surgery after the in-
tubation of an endotracheal tube. This clinical trial study was conducted on 75 patients with ASA class I or II in both genders and
in the age group of 50 - 65 years old. The effects of LMA Classic™ and I-gel were also investigated. In this study, patients’ vital signs
such as pulse rate, systolic blood pressure, and diastolic blood pressure were measured and recorded at times before insertion of
the airway devices, one, two, and five minutes after the insertion.
Results and Conclusions: Before the start of the operation, there was no significant difference between the groups in terms of
hemodynamic parameters. Immediately before inserting ETT, LMA, or I-gel, the heart rate and systolic and diastolic blood pressure
increased significantly in all groups. Our results generally showed that the hemodynamic changes due to the I-gel insertion com-
pared to the tracheal tube and LMA Classic™ insertion followed minor adjustments. In a comparison between the insertion of the
endotracheal tube and LMA Classic™, the use of the LMA Classic™ was associated with more stability.
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1. Background
Hemodynamic changes following laryngoscopy and
intubation of tracheal tube are one of the concerns of anes-
thetists in performing surgical procedures. In these cases,
the stress response with the release of catecholamines
leads to increased blood pressure and heart rate, which can
lead to life - threatening risks in the patients susceptible to
cardiovascular diseases and cerebral events. Several meth-
ods have been used to avoid the stress response and to pre-
vent hemodynamic changes (1-3).
One of these methods is the use of supraglottic devices
that are designed for the lower stimulation and prevention
of injuries caused by the tracheal intubation to the soft tis-
sues, teeth, and vocal cords (4-6). It seems that due to the
non-placement of laryngeal mask airway (LMA) (Figure 1)
within the trachea and less irritation caused, the complica-
tions of the procedure of endotracheal intubation are less
(7-9).
I-gel (Figure 2) is a supraglottic device. It is the inno-
vative second - generation supraglottic airway device from
Intersurgical made of thermoplastic elastomer and has an
acceptable hardness (soft) and a loose mode like without
inflating the cuff. It is anatomically designed so that it is
well equipped on the perilaryngeal and hypopharyngeal
structures. We can point out to some of its benefits such
as ease of insertion, less tissue damage, lack of movement
caused by the inflating cuff, the simplicity of the struc-
ture, and reduction of costs (10, 11). In this way, there is no
need for laryngoscopy to see the vocal cords; also, the la-
ryngeal mask is not instead into the trachea, and instead,
it is placed in the hypopharynx. These factors cause less
stress to the patient and therefore better control of pa-
tients’ hemodynamic responses (12).
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Figure 1. LMA classic.
Figure 2. I-gel.
2. Objectives
This study investigated hemodynamic changes and in-
traocular pressure in patients undergoing elective cataract
surgery after the intubation of an endotracheal tube, LMA,
and I-gel.
3. Methods
After the permission of the ethics committee
(Ajums.REC.1392.292.) and Pain Research Center of Ah-
vaz Jundishapur University of Medical Sciences, this
clinical trial study was conducted on 75 patients with ASA
class I and II in both genders and in the age group of 50
- 65 years old, referring to Imam Khomeini hospital in
Ahvaz for elective eye surgery. Inclusion criteria included
patients NPO, candidates for elective eye surgery, ASA I
or II, and with no contraindication for the use of SGAs.
Exclusion criteria included patients with any history of
gastroesophageal reflux, patients with strabismus, and
patients who failed to use the airway devices in the first
effort, as well as patients with a BMI higher than 25, and
the duration of the surgery higher than 90 minutes. After
transferring the patient to the operating room, patients’
height and weight were measured. Then, the patient
underwent routine monitoring, including ECG, pulse
oximetry and systolic and diastolic blood pressure and
after the establishment of the venous way, 5 cc per kg
of 9.0% normal saline solution was administered. The
patients were pre-oxygenated with spontaneous breath-
ing for three minutes, and up to the loss of the eyelid
reflex, they were under general anesthesia with the use
of the following drugs: midazolam 0.02 mg/kg, fentanyl
1.5 µg/kg, and propofol 1 mg/kg. Then, atracurium 0.5
mg/kg was used and after three minutes, airway devices
were used. The used LMA was from Teleflex Silicon based
on the weight and sex of patients, and endotracheal tube
used was PVC from a manufacturing company (SUPA
LMA) that was inserted by an anesthesia assistant with a
method similar to the tracheal tube intubation and I-gel.
To maintain the anesthesia, propofol infusion at a dose of
50 µg/kg/min, oxygen and N2O 50% and a flow equal to 4
liters were used. Cuff pressure in the LMA Classic™ reached
by a manometer to 60 cm H2O and in the endotracheal
tube to 25 cm H2O. Vital signs were recorded by the man-
ufacturer of Reichert and at times of one minute before
inserting airway devices, one, two, and five minutes after
the insertion.
3.1. Statistical Analysis
One Way - ANOVA was used for between - group compar-
isons and the post hoc Bonferroni test was used for mea-
suring significant differences. A P value of 0.05 was con-
sidered as the significance level and all statistical analyses
were performed with the use of SPSS version 16.
4. Results
With regard to age and weight (Table 1), the groups
were compared with each other. Before the start of the op-
eration, there was no significant difference between the
groups in terms of hemodynamic parameters (P < 0.05;
Table 2). Immediately before inserting ETT, LMA, or I-gel,
the heart rate, systolic and diastolic blood pressure, and
intraocular pressure increased significantly in all groups
(P < 0.01; Table 2). Heart rate and systolic blood pressure
one minute after inserting airway devices remain high sig-
nificantly (P < 0.01; Table 2). The increase in heart rate
was significantly higher in ETT (endotracheal intubation)
than in the I-gel group. In addition, systolic and diastolic
blood pressure was significantly higher in ETT LMA and I-
gel groups and a significant difference was observed be-
tween the two groups of LMA and I-gel (P < 0.01; Table
2). Two minutes after inserting, hemodynamic changes
and intraocular pressure were still higher in the ETT group
than in the LMA and I-gel groups (P < 0.01; Table 2). Five
minutes after inserting, heart rate was higher in the ETT
group than in the LMA and I-gel groups and systolic blood
pressure was lower in the I-gel group compared to the ETT
and LMA groups (P < 0.01; Table 2). Our results generally
showed that the hemodynamic changes followed only mi-
nor adjustments when using the I-gel compared to the tra-
cheal tube and LMA. In a comparison between the endotra-
cheal tube and the LMA, the use of the LMA was associated
with more stability.
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Table 1. Demographic Data of the Three Groupsa
Group Number of Samples Age (y), Mean ± SD Weight (kg), Mean ± SD Gender
Female Male
ETT 33 59.5 ± 2.41 73.04 ± 6.71 9 24
LMA 33 58.6 ± 17.08 71.29 ± 8.56 12 21
I-gel 33 58.5 ± 93.71 73.79 ± 8.08 10 23
aThe alpha significance is considered at a level of P < 0.05; no significant difference was observed between the groups.
Table 2. Hemodynamic Changes in Groups at Different Stagesa








Heart rate (beats per minute)
ETT 76.68 ± 5.64 88.8 ± 23.17b 105.11 ± 61.02b , c 100.10 ± 3.58b , c , d 90.11 ± 36.83b , c , d
LMA 76.59 ± 7.02 87.9 ± 71.15b 95.10 ± 37.17b 84.12 ± 36.23 82.11 ± 10.73
I-gel 7.23 ± 7.71 85.9 ± 92.01b 90.11 ± 22.11b 80.11 ± 23.54 78.12 ± 18.84
Systolic blood pressure (mmHg)
ETT 135.7 ± 7.02 105.7 ± 31.67b 155.6 ± 71.54b , c , d 138.7 ± 65.36c , d 126.7 ± 22.21c
LMA 4.15 ± 91.130 103.6 ± 73.41b 111.6 ± 65.81b 107.6 ± 44.91 118.6 ± 90.62c
I-gel 132.6 ± 41.35 100.6 ± 87.37b 105.7 ± 4.59b 103.6 ± 71.23 105.7 ± 61.63
Diastolic blood pressure (mmHg)
ETT 84.31 ± 6.61 66.7 ± 39.05b 98.7 ± 84.35b , c , d 90.6 ± 35.22c , d 85.8 ± 38.15
LMA 80.43 ± 6.12 64.6 ± 2529b 76.6 ± 73.92 72.7 ± 43.24 82.7 ± 34.33
I-gel 82.5 ± 72.47 67.5 ± 40.75b 74.7 ± 39.15 70.7 ± 39.05 80.8 ± 45.41
aThe alpha significance is considered at P < 0.05.
bSignificant difference compared to the rest.
cSignificant differences compared to the I-gel group.
dSignificant difference with the LMA group.
5. Discussion
This prospective randomized study was conducted on
75 patients aged 50 - 65 years who referred for elective eye
surgery. Before the start, no significant difference was ob-
served between the groups in terms of hemodynamic pa-
rameters while prior to the insertion of the airway devices,
the parameters significantly increased in all groups. Heart
rate and systolic blood pressure one minute after insert-
ing airway devices still remained significantly high. The
increase in heart rate was significantly higher in the ETT
group than in the I-gel group and systolic and diastolic
blood pressure was significantly higher in the ETT group
than in the LMA and I-gel groups. In addition, a significant
difference was observed between the LMA and I-gel groups.
Two minutes after the insertion of the ETT and LMA, hemo-
dynamic changes in the ETT group were still higher than
the changes in the LMA and I-gel groups. Five minutes later,
heart rate was higher in the ETT group than in the LMA and
I-gel groups and systolic blood pressure was lower in the
I-gel group than in the ETT and LMA groups. Overall, our
study showed that the hemodynamic parameters changed
fewer using the I-gel compared to using the tracheal tube
and LMA and the use of LMA was associated with greater
stability.
Our results are consistent with the results of Watch MF
and colleagues who examined hemodynamic changes in
41 children who used LMA and ETT. They found that there
were more changes in hemodynamic parameters in the
ETT group compared to the LMA group (13).
Of course, the results of a study conducted by Helmy
et al. in 2010 showed contrary results. They found that
there was no difference in the use of LMA Classic™ and I-gel.
There was no significant difference in postoperative com-
plications, except in the LMA group, while nausea and vom-
iting were higher and the amount of air entering the inside
of the stomach was less in the I-gel method than in the LMA
method (14).
In another study, Ayedi et al. used I-gel and LMA
Classic™ in the two groups of 21 patients and found that
time of insertion in the I-gel group was shorter, the post-
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operative dysphagia in the first hour was higher in the LMA
group, and airway pressure was higher in the group I-gel
(15). I-gel and LMA insertion time were not examined in our
study.
Oczenski et al. compared hemodynamic changes dur-
ing the insertion of ETT, Combi-tube, and LMA in 75 pa-
tients and concluded that after the insertion of ETT and
Combi-tube, a substantial increase occurred in diastolic
blood pressure, systolic blood pressure, heart rate, and
mean arterial pressure during one minute to ten minutes
after the insertion. However, after the insertion of LMA,
heart rate did not change significantly, but by the end of
the first minute, SBP, DBP, and MAP had a mild increase (16).
In eye surgeries in which we have some limitations in
increasing blood pressure after the induction of anesthe-
sia, we recommend using I-gel.
As limitations of the study, we can mention the same
dose of atracurium used for tracheal intubation and SGAs
and common field with eye surgery that might induce the
same complications in the use of SGAs, for instance, nausea
and vomiting.
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